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(57) A system for determining a shaft misalignment
in a turbomachinery train (10) having a plurality of com-
ponents (12, 14, 16) with serially coupled rotating shafts
(24, 26, 28). A disclosed system includes a sensor (30A,
30B, and 30C) affixed to a component (12, 14, 16) of the
turbomachinery train (10) proximate a rotating shaft (24,
26, 28), wherein the sensor (30A, 30B, and 30C) collects
vibration data (50) along an axial direction of the rotating

shaft (24, 26, 28). Also provided is a frequency analyzer
(52) for generating frequency domain data from the vi-
bration data and an analysis system (54) for analyzing a
frequency component (12, 14, 16) of the frequency do-
main data at one times a rotational frequency of the ro-
tating shaft (24, 26, 28) to identify a misalignment be-
tween the rotating shaft (24, 26, 28) and an adjacently
coupled rotating shaft (24, 26, 28).
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Description
BACKGROUND OF THE INVENTION

[0001] The subject matter disclosed herein relates to
the art of measuring and monitoring axial vibrations to
identify misalignments in turbomachinery trains.

[0002] Turbomachinery trains comprise a set of com-
ponents having serially coupled rotating shafts. A com-
mon example is a turbogenerator, which in its simplest
form includes a turbine having a rotating shaft (i.e., a
rotor) directly connected to a rotating shaft of an electric
generator for the generation of electric power. More com-
plex turbogenerator trains, such as those utilized in the
power generation field, often comprise several large
components having rotating shafts coupled in series. For
example, a typical configuration may include a high pres-
sure turbine having a rotating shaft that is coupled to a
rotating shaft of a low pressure turbine, which is in turn
coupled to a rotating shaft of a generator.

[0003] Whenimplementing such atrain, itisimperative
that the rotating shafts from each component behave in
a precise manner in order to avoid damage the rotors or
bearings. For instance, one common problem in such a
configuration involves an unbalanced shaft, in which one
ofthe shafts "wobbles." This defectis commonly detected
by measuring radial (i.e., outwardly directed) vibrations
using e.g., piezoelectric probes. However, such vibra-
tions may also result from misaligned shafts, which can
also cause damage to the rotors or bearing.

BRIEF DESCRIPTION OF THE INVENTION

[0004] The disclosed embodiments describe solutions
for identifying misaligned shafts coupled within a tur-
bomachinery train.

[0005] A first aspect of the disclosure provides a sys-
tem for determining a shaft misalignment in a train of
components with serially coupled rotating shafts, com-
prising: a sensor affixed to a component of the train prox-
imate a rotating shaft, wherein the sensor collects vibra-
tion data along an axial direction of the rotating shaft; a
frequency analyzer for generating frequency domain da-
ta from the vibration data; and an analysis system for
analyzing a frequency component of the frequency do-
main data at one times a rotational frequency of the ro-
tating shaft to identify a misalignment between the rotat-
ing shaft and an adjacently coupled rotating shaft.
[0006] A second aspect of the disclosure provides a
train, comprising: a plurality of components with serially
coupled rotating shafts; a sensor affixed to at least one
component proximate a rotating shaft, wherein the sen-
sor collects vibration data along an axial direction of the
rotating shaft; a frequency analyzer for generating fre-
quency domain data from the vibration data; and an anal-
ysis system for analyzing a frequency component of the
frequency domain data at one times a rotational frequen-
cy of the rotating shaft to identify a misalignment between
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the rotating shaft and an adjacently coupled rotating
shaft.

[0007] A third aspect of the disclosure provides appa-
ratus for determining a shaft misalignment in a train of
components with serially coupled rotating shafts, com-
prising: a sensor affixed to a component of the train prox-
imate a rotating shaft, wherein the sensor collects vibra-
tion data along an axial direction of the rotating shaft; a
frequency analyzer for generating frequency domain da-
ta from the vibration data; and an analysis system for
analyzing the frequency domain data to generate align-
ment information of the rotating shaft with respect to an
adjacently coupled rotating shaft.

[0008] The illustrative aspects of the present disclo-
sure are designed to solve the problems herein described
and/or other problems not discussed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] These and other features of this disclosure will
be more readily understood from the following detailed
description of the various aspects of the disclosure taken
in conjunction with the accompanying drawings that de-
pict various embodiments of the disclosure, in which:
[0010] Figure 1 depicts a turbomachinery train in ac-
cordance with an illustrative embodiment;

[0011] Figure 2 depicts an isometric diagram showing
a sensor on a bearing housing for measuring axial vibra-
tions in accordance with an illustrative embodiment; and
[0012] Figure 3 depicts a computer system for
processing axial vibration data in accordance with an il-
lustrative embodiment.

[0013] It is noted that the drawings of the disclosure
are not to scale. The drawings are intended to depict only
typical aspects of the disclosure, and therefore should
not be considered as limiting the scope of the disclosure.
In the drawings, like numbering represents like elements
between the drawings.

DETAILED DESCRIPTION OF THE INVENTION

[0014] The disclosed embodiments describe solutions
for identifying misaligned shafts coupled within a tur-
bomachinery train. Referring to the drawings, Figure 1
shows a turbomachinery train 10 that includes three com-
ponents 12, 14 and 16, each having a respective rotating
shaft 24, 26, 28 serially connected to an adjacent com-
ponent. Components 12, 14 and 16 may comprise any
type of machinery having rotating shafts serially coupled.
For example, turbomachinery train 10 may include a tur-
bogenerator in which component 12 is a high pressure
turbine, component 14 is alow pressure turbine and com-
ponent 16 is a generator. In another embodiment, the
components may include a clutch and/or any other device
with a rotating shaft. In addition, it is understood that tur-
bomachinery train 10 may comprise any number or type
of components, i.e., two or more, in which there is at least
two shafts coupled together.
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[0015] Inaddition to having a rotating shaft, each com-
ponent 12, 14 and 16 may include a bearing housing
18A/18B, 20A/20B and 22A/22B, respectively. Bearing
housings comprise bearings that hold the component’s
shaft in place and allow for the constrained relative rota-
tional motion of the shaft with respect to the component.
[0016] Inthe example shownin Figure 1 it can be seen
that shaft 28 is misaligned with respect to shaft 26 at
coupling N between bearing housings 20B and 22A. As
noted, such misalignment can cause damage to the as-
sociated bearings and/or rotors. The defect can be par-
ticularly problematic in the case where one of the affected
components is a clutch, which allows the coupling be-
tween shafts to be disengaged, and which tends to be
highly sensitive to misalignment problems. Note that be-
cause the components 12, 14 and 16 are typically en-
cased in a sealed unit (e.g., as shown by the dotted line),
and the cost for correcting such defects are high, properly
identifying shaft misalignments can provide a significant
enhancement in any condition monitoring process.
[0017] To address this need, axial vibration sensors
30A, 30B and 30C are attached to a surface of at least
one bearing housing 18B, 20B and 22B. In this example,
one axial vibration sensor is located at each interface in
which shafts of adjacent components are coupled. Note
that any number or placement of sensors could be uti-
lized, e.g., to provide redundancy. As detailed below, by
analyzing axial vibrations of the bearing housing proxi-
mate the shaft, misalignment between two coupled shafts
can be evaluated.

[0018] Figure 2 depicts a close up view of bearing
housing 20B, shaft 26 and axial vibration sensor 30. As
can be seen, axial vibration sensor 30B collects vibration
data along the axial direction of the shaft 26, as shown
by arrow 32. It is appreciated that the location, number
and type of axial vibration sensors may vary depending
on the particular implementation. In one illustrative em-
bodiment, axial vibration sensor 30B utilizes a piezoe-
lectric probe that is permanently mounted or affixed onto
the housing 20B to receive a continuous flow of axial
vibration data. In another embodiment, the axial vibration
sensor 30B could be located somewhere other than
housing 20B, e.g., on the foundation, integrated with a
part of the component, etc.

[0019] Figure 3 depicts a computer system 40 having
amonitoring system 48 for processing axial vibration sen-
sor data 50 and outputting alignment information 56. Ax-
ial vibration sensor data 50 may be collected from axial
vibration sensors 30A, 30B and 30C (Figures 1-2) in any
manner, e.g., wired or wirelessly, analog or digital, etc.
Monitoring system 48, which receives the axial vibration
sensor data 50 as continuous or periodic time domain
data, generally includes: (1) a frequency analyzer 52 that
converts the time domain axial vibration sensor data into
frequency domain data; and (2) an alignment analysis
system 54 that analyzes the frequency domain data to
provide alignment information 56.

[0020] Frequency analyzer may utilize any technique
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to obtain frequency domain data, e.g., a Fourier trans-
form, a fast Fourier transform (FFT), a spectral analysis
such as a Cepstrum analysis, a Z transform, etc. Box 60
depicts an illustrative frequency analysis for coupling N
(Figure 1, shafts 26 and 28) in which the magnitudes of
different frequency components are graphed out. In order
to identify misalignments, the frequency component at
one times (1x) the running frequency of the shaft is eval-
uated (shown here with the arrow) by alignment analysis
system 54. Misalignments are identified if the frequency
component at 1x the running frequency of the shaft con-
tains the dominant vibration amplitude peak, which is the
case in the example shown for coupling N.

[0021] In addition to identifying misalignments, align-
ment analysis system 54 may perform ancillary functions
such as generating warnings, performing trend analysis
to, e.g., predict future misalignments, providing mainte-
nance scheduling for misaligned shafts, providing con-
tinuous real-time analysis, etc.

[0022] It is understood that computer system 40 may
be implemented using any type of computing device.
Such a computing device generally includes a processor
42, input/output (I/O 44), memory 46, and bus. The proc-
essor 42 may comprise a single processing unit, or be
distributed across one or more processing units in one
or more locations, e.g., on a client and server. Memory
46 may comprise any known type of data storage, includ-
ing magnetic media, optical media, random access mem-
ory (RAM), read-only memory (ROM), a data cache, a
data object, etc. Moreover, memory may reside at a sin-
gle physical location, comprising one or more types of
data storage, or be distributed across a plurality of phys-
ical systems in various forms.

[0023] 1/O 44 may comprise any system for exchang-
ing information to/from an external resource. External de-
vices/resources may comprise any known type of exter-
nal device, including sensors, a monitor/display, speak-
ers, storage, another computer system, a hand-held de-
vice, keyboard, mouse, voice recognition system,
speech output system, printer, facsimile, pager, etc. The
bus provides a communication link between each of the
components in the computing device and likewise may
comprise any known type of transmission link, including
electrical, optical, wireless, etc. Although not shown, ad-
ditional components, such as cache memory, communi-
cation systems, system software, etc., may be incorpo-
rated.

[0024] Access may be provided over a network such
as the Internet, a local area network (LAN), a wide area
network (WAN), a virtual private network (VPN), etc.
Communication could occur via a direct hardwired con-
nection (e.g., serial port), or via an addressable connec-
tion that may utilize any combination of wireline and/or
wireless transmission methods. Moreover, conventional
network connectivity, such as Token Ring, Ethernet, WiFi
or other conventional communications standards could
be used. Still yet, connectivity could be provided by con-
ventional TCP/IP sockets-based protocol.
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[0025] Itis understood that in addition to being imple-
mented as a system and method, the features may be
provided as one or more program products stored on a
computer-readable storage medium, which when run,
enables a computer system 40 to generate alignment
information. To this extent, the computer-readable stor-
age medium may include program code, which imple-
ments the processes and systems described herein. Itis
understood that the term "computer-readable storage
medium" comprises one or more of any type of physical
embodiment of the program code. In particular, the com-
puter-readable storage medium can comprise program
code embodied on one or more portable storage articles
of manufacture (e.g., a compact disc, a magnetic disk, a
tape, etc.), on one or more data storage portions of a
computing device, such as memory and/or a storage sys-
tem.

[0026] As used herein, it is understood that the terms
"program code" and "computer program code" are syn-
onymous and mean any expression, in any language,
code or notation, of a set of instructions that cause a
computing device having an information processing ca-
pability to perform a particular function either directly or
after any combination of the following: (a) conversion to
another language, code or notation; (b) reproduction in
a different material form; and/or (c) decompression. To
this extent, program code can be embodied as one or
more types of program products, such as an application/
software program, component software/a library of func-
tions, an operating system, a basic I/O system/driver for
a particular computing and/or 1/0 device, and the like.
Further, itis understood that terms such as "component”,
"subsystem" and "system" are synonymous as used
herein and represent any combination of hardware
and/or software capable of performing some function(s).
[0027] The block diagrams in the figures illustrate the
architecture, functionality, and operation of possible im-
plementations of systems, methods and computer pro-
gram products according to various embodiments of the
present invention. In this regard, each block in the block
diagrams may represent a module, segment, or portion
of code, which comprises one or more executable in-
structions for implementing the specified logical function
(s). It should also be noted that the functions noted in the
blocks may occur out of the order noted in the figures.
For example, two blocks shown in succession may, in
fact, be run substantially concurrently, or the blocks may
sometimes be run in the reverse order, depending upon
the functionality involved. It will also be noted that each
block of the block diagrams can be implemented by spe-
cial purpose hardware-based systems which perform the
specified functions or acts, or combinations of special
purpose hardware and computer instructions.

[0028] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the disclosure. As used herein,
the singular forms "a", "an" and "the" are intended to in-
clude the plural forms as well, unless the context clearly
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indicates otherwise. It will be further understood that the
terms "comprises" and/or "comprising," when used in this
specification, specify the presence of stated features, in-
tegers, steps, operations, elements, and/or components,
but do not preclude the presence or addition of one or
more other features, integers, steps, operations, ele-
ments, components, and/or groups thereof.

[0029] The corresponding structures, materials, acts,
and equivalents of all means or step plus function ele-
ments in the claims below are intended to include any
structure, material, or act for performing the function in
combination with other claimed elements as specifically
claimed. The description of the present disclosure has
been presented for purposes of illustration and descrip-
tion, but is not intended to be exhaustive or limited to the
disclosure in the form disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the dis-
closure. The embodiment was chosen and described in
order to best explain the principles of the disclosure and
the practical application, and to enable others of ordinary
skill in the art to understand the disclosure for various
embodiments with various modifications as are suited to
the particular use contemplated.

Various aspects and embodiments of the present inven-
tion are defined by the following numbered clauses:

1. A system for determining a shaft misalignment in
a train of components with serially coupled rotating
shafts, comprising:

asensor affixed to acomponent of the train prox-
imate a rotating shaft, wherein the sensor col-
lects vibration data along an axial direction of
the rotating shaft;

a frequency analyzer for generating frequency
domain data from the vibration data; and

an analysis system for analyzing a frequency
component of the frequency domain data at one
times a rotational frequency of the rotating shaft
to identify a misalignment between the rotating
shaft and an adjacently coupled rotating shaft.

2. The system of clause 1, wherein the sensor is
affixed to a bearing housing proximate the rotating
shaft.

3. The system of clause 1, wherein a peak magnitude
at about one times the rotational frequency of the
rotating shaft indicates a misalignment.

4. The system of clause 1, wherein the component
comprises a clutch that allows the rotating shaft to
be disengaged from the adjacently coupled rotating
shaft.

5. The system of clause 1, wherein the analysis sys-
tem evaluates trends in the frequency domain data
to predict a possible misalignment.

6. The system of clause 1, wherein the analysis sys-
tem outputs alignment information in a continuous



7 EP 2 381 219 A1 8

manner.
7. The system of clause 1, wherein the analysis sys-
tem outputs a warning if a misalignment is detected.
8. The system of clause 1, wherein the frequency
analyzer utilizes a calculation selected from a group
consisting of: a Fourier transform, a fast Fourier
transform, a Cepstrum analysis, and a Z transform.
9. The system of clause 1, further comprising a plu-
rality of sensors for collecting axial vibration data
from a plurality of locations in the train.

10. A train, comprising:

a plurality of components with serially coupled
rotating shafts;

a sensor affixed to at least one component prox-
imate a rotating shaft, wherein the sensor col-
lects vibration data along an axial direction of
the rotating shaft;

a frequency analyzer for generating frequency
domain data from the vibration data; and

an analysis system for analyzing a frequency
component of the frequency domain data at one
times a rotational frequency of the rotating shaft
to identify a misalignment between the rotating
shaft and an adjacently coupled rotating shaft.

11. The train of clause 10, wherein the sensor is af-
fixed to a bearing housing proximate the rotating
shaft.

12. Thetrain of clause 10, wherein a peak magnitude
at about one times the rotational frequency of the
rotating shaft indicates a misalignment.

13. The train of clause 10, wherein the at least one
component comprises a clutch that allows the rotat-
ing shaft to be disengaged from the adjacently cou-
pled rotating shaft.

14. The train of clause 10, wherein the analysis sys-
tem evaluates trends in the frequency domain data
to predict a future misalignment.

15. The train of clause 10, wherein the analysis sys-
tem outputs alignment information in a continuous
manner.

16. The train of clause 10, wherein the analysis sys-
tem outputs a warning if a misalignment is detected.
17. The train of clause 10, wherein the frequency
analyzer utilizes a calculation selected from a group
consisting of: a Fourier transform, a fast Fourier
transform, a Cepstrum analysis, and a Z transform.
18. The train of clause 10, further comprising a plu-
rality of sensors for collecting axial vibration data
from a plurality of locations in the train.

19. An apparatus for determining a shaft misalign-
ment in a train of components with serially coupled
rotating shafts, comprising:

a sensor affixed to a component of the train prox-
imate a rotating shaft, wherein the sensor col-
lects vibration data along an axial direction of
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the rotating shaft;

a frequency analyzer for generating frequency
domain data from the vibration data; and

an analysis system for analyzing the frequency
domain data to generate alignment information
of the rotating shaft with respect to an adjacently
coupled rotating shaft.

20. The apparatus of clause 19, wherein the sensor
is affixed to a bearing housing proximate the rotating
shaft.

Claims

A system for determining a shaft misalignment in a
train of components (12, 14, 16) with serially coupled
rotating shafts (24, 26, 28), comprising:

a sensor (30A, 30B, and 30C) affixed to a com-
ponent (12, 14, 16) of the train proximate a ro-
tating shaft (24, 26, 28), wherein the sensor
(30A, 30B, and 30C) collects vibration data
along an axial direction (32) of the rotating shaft
(24, 26, 28);

a frequency analyzer (52) for generating fre-
quency domain data from the vibration data; and
an analysis system (54) for analyzing a frequen-
cy component (12, 14, 16) of the frequency do-
main data at one times a rotational frequency of
the rotating shaft (24, 26, 28) to identify a mis-
alignment between the rotating shaft (24, 26, 28)
and an adjacently coupled rotating shaft (24, 26,
28).

The system of claim 1, wherein the sensor (30A, 30B,
and 30C) is affixed to a bearing housing (18A/18B,
20A/20B, 22A/22B) proximate the rotating shaft (24,
26, 28).

The system of claim 1, wherein a peak magnitude
at about one times the rotational frequency of the
rotating shaft (24, 26, 28) indicates a misalignment.

The system of claim 1, wherein the component (12,
14, 16) comprises a clutch that allows the rotating
shaft (24, 26, 28) to be disengaged from the adja-
cently coupled rotating shaft (24, 26, 28).

The system of claim 1, wherein the analysis system
(54) evaluates trends in the frequency domain data
to predict a possible misalignment.

The system of claim 1, wherein the analysis system
(54) outputs alignment information (56) in a contin-

uous manner.

The system of claim 1, wherein the analysis system



9 EP 2 381 219 A1

(54) outputs a warning if a misalignment is detected.

The system of claim 1, wherein the frequency ana-
lyzer (52) utilizes a calculation selected from a group
consisting of: a Fourier transform, a fast Fourier
transform, a Cepstrum analysis, and a Z transform.

The system of claim 1, further comprising a plurality
of sensors (30A, 30B, and 30C) for collecting axial
vibration data (50) from a plurality of locations in the
train.
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